The zinc-dependent redox switch domain of the chaperone Hsp33 has a novel fold.
The Escherichia coli chaperone Hsp33 contains a C-terminal zinc-binding domain that modulates activity by a so-called "redox switch". The oxidized form in the absence of zinc is active, while the reduced form in the presence of zinc is inactive. X-ray crystal structures of Hsp33 invariably omit details of the C-terminal domain, which is truncated in protein constructs that are capable of forming crystals. We report the solution structure of a recombinant 61-residue protein containing the zinc-binding domain (residues 227-287) of Hsp33, in the presence of stoichiometric amounts of Zn2+. The zinc-bound protein is well folded, and forms a novel structure unlike other published zinc-binding domains. The structure consists of two helices at right-angles to each other, a two-stranded B-hairpin and a third helix at the C terminus. The zinc site comprises the side-chains of the conserved cysteine residues 232, 234, 262 and 265, and connects a short sequence before the first helix with the tight turn in the middle of the B-hairpin. The structure of the C-terminal zinc-binding domain suggests a mechanism for the operation of the redox switch: loss of the bound zinc ion disrupts the folded structure, allowing the ligand cysteine residues to be oxidized, probably to disulfide bonds. The observation that the C-terminal domain is poorly structured in the active oxidized form suggests that the loss of zinc and unfolding of the domain precedes the oxidation of the thiolate groups of the cysteine residues, since the formation of disulfides between distant parts of the domain sequence would presumably promote the formation of stable three-dimensional structure in the oxidized form.Hsp33 provides an example of a redox signaling system that utilizes protein folding and unfolding together with chemical modification for transduction of external stimuli, in this case oxidative stress, to activate the machinery of the cell that is designed to deal with that stress.